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1. Introduction 
Spectroscopic techniques have been widely used to 
obtain information about simple lipid bilayers and 
purified lipid-protein complexes. The same tech- 
niques have also been used to study intact biological 
membranes but the results of such studies have been 
much more difficult to interpret, simply because the 
membrane is a highly heterogeneous tructure. In 
general a single composite spectrum is obtained either 
from all components of the membrane or from probe 
molecules dissolved in a variety of sites in the mem- 
brane. We now show that the technique of nano- 
second time-resolved fluorescence spectroscopy can 
be used to resolve spectra for fluorescence probes 
dissolved in different environments within biological 
membranes. 
2. Materials and methods 
8-Anilino-l-naphthalenesulphonate (ANS) was 
obtained as the magnesium salt from Eastman Kodak 
Co. and twice recrystallised. The microsomal mem- 
brane fraction from Tetrahymena pyrifomzis was 
prepared as in [ 11. Steady state fluorescence mea- 
surements were made on an Aminco-Bowman SPF 
fluorimeter. Time-resolved fluorescence measure- 
ments were made on an instrument, detailed in [2], 
which uses the frequency doubled output of a mode- 
locked cavity-dumpted argon-ion laser as an excitation 
source (h,, 275.25), single photon counting detec- 
tion and some novel gating electronics. Features of 
this system are the very high laser repetition rate 
(5 MHz) and intensity which allow the rapid record- 
ing of fluorescence lifetimes and time-resolved emis- 
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sion spectra and the exact reproducibility of pulse 
shape enabling accurate computer analysis of the 
fluorescence decay kinetics. For the present work a 
fluorescence spectral resolution of 5 A was used. 
3. Results and discussion 
ANS has been much used as a fluorescence probe 
since it exhibits a large increase in fluorescence inten- 
sity and spectra shifts when bound to certain proteins 
[3], lipids [4] or cellular membranes [4,5]. However, 
it is uncertain to which components of cellular mem- 
branes the ANS binds. Although ANS can bind to 
protein solubilized from some membranes [6], it is 
generally thought that the major binding sites are 
lipid in nature. Thus although proteolysis of intact 
myelin or erythrocyte membranes has little effect on 
ANS binding, phospholipase treatment has a large 
effect [ 51. On the other hand, the fluorescence decay 
for ANS bound to red blood cells has been fitted 
[7,8] to a double exponential, one component of 
which is characteristic for the fluorescence decay of 
ANS bound to lipid and the other for ANS bound to 
a protein such as apomyoglobin. 
ANS is suitable for our studies for two reasons: 
(1) ANS bound to either lipid or protein (bovine 
serum albumin, BSA), has no solvent-dependent 
spectral shifts on the nanosecond time scale, 
unlike other probes such as 2-p-toluidinylnaphth- 
alened-sulphonate [9,10]. 
(2) There is an easily detectable difference in fluo- 
rescence emission maxima for ANS bound to lipid 
and bound to BSA (fig.1). 
Fluorescence decays for ANS bound to liposomes 
of egg phosphatidylcholine or bovine serum albumin 
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Fig.1. Total fluorescence mission spectra for ANS bound to 
liposomes of egg yolk phosphatidylcholine and bovine serum 
albumin, recorded on the laser-excited nanosecond spectrom- 
eter. 
can be well fitted to a single exponential, with fluo- 
rescent lifetimes listed in table 1. The fluorescent 
lifetimes measured using laser excitation are con- 
sistently shorter than those measured using a con- 
ventional N&lash lamp, probably because of effects 
associated with the polarization of the laser beam [ 1 I]. 
These reproducible differences do not affect the 
argument developed below. 
Fluorescence decays for ANS bound to microsomal 
membranes can no longer be fitted to a single expo- 
nential and further, the fluorescence decays became 
longer with decreasing wavelength inthe 470-750 nm 
region (tIg.2). Measurements below 450 nm are com- 
a. ext. pulse 
b. 560nm. 
c. 530nm. 
d. L7Onm. 
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Fig.2. Fluorescence decay curves for ANS (1.7 X 10“ M) 
bound to microsomal membranes (1 mgjml), recorded at the 
wavelengths listed. Calibration 0.640 ns~channel. 
plicated by significant blank fluorescence from the 
membrane with a maximum at about 340 nm and a 
broad tail extending to longer wavelengths (fig.3). 
The decays can be fitted with confidence to a double 
exponential (table 1) with components characteristics 
of lipid and protein bound ANS. 
Fluorescence lifetimes decrease slightly with 
increasing ANS concentration, probably as a result of 
fluorescence quenching at high concentrations of
bound ANS, as also observed in measurements of 
fluorescence intensity. 
The significant differences in fluorescence lifetimes 
and emission maxima of the probe in the two environ- 
Table 1 
Fluorescence decay characteristics for ANS 
Systems Decay time (ns) 
Laser excitation N,-flash lamp 
excitation 
Egg-phosphatidylcho~ne 
Bovine serum albumin 
Microsomd membranes 
(1 mg protein/ml) 
ANS 6.3 x 1O-6 Ma 
ANS 5.2 X lo-’ Ma 
4.22 c 0.1 7.14 Lt 0.1 
15.6 + 0.1 16.7 ir 0.1 
4.51 * 0.4 (Ab = 0.056) 
16.4 t 0.8 (A = 0.017) 
3.12 + 0.4 (Ab = 0.065) 
14.3 * O.S(A = 0.019) 
- 
a Data fitted to a double exponential, with a X2 statistic of 1.3 
b Pre-exponential weighting factors 
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Fig.3. Total fluorescence mission spectra for ANS bound to 
microsomal membranes. (- - -) Fluorescence from blank 
microsome sampie; (-- ) fluorescence from microsomes 
plus ANS (1.7 X lo-’ M). 
ments allows one to isolate the emission from ANS 
bound to lipid and protein components by time- 
resolved emission spectroscopy. The spectral distribu- 
tion of photons emitted coincident with the excita- 
tion pulse (At = 0,6t = 2.5 ns) will be weighted 
towards the component of fluorescence of shorter 
lifetime while with the time gate placed at a consider- 
able delay after excitation (At = 49 ns, St = 3.2 ns) 
the emission spectrum will arise solely from the long- 
lived component of fluorescence. The time-resolved 
spectra recorded are shown in fig.4. 
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Fig.4. Time-resolved fluorescence mission spectra for ANS 
bound to microsomal membranes (conditions as fig.2). (---) 
Early gated spectrum; At = 0,&t = 2.5 ns; (- - -) late-gated 
spectrum;At=49ns,6t=3.2ns. 
The early-gated spectrum has a fluorescence emis- 
sion maximum the same as that for lipid-bound ANS 
whereas the component of long fluorescence lifetime 
has a spectrum comparable to that of ANS bound to 
BSA (compare fig.2,4). It has therefore been possible 
to resolve the spectra of ANS into two broad cate- 
gories of binding site in the membrane, although the 
conventional steady-state fluorescence spectrum gives 
no indication of two components (fig.3). It is, of 
course, not possible to conclude from these results 
that only two distinct types of binding site exist, but 
the time-resolved spectra together with the fluo- 
rescence lifetime data do suggest hat the majority 
of binding sites under these conditions do fall into 
the broad categories of lipid-like or protein (BSA)- 
like. From Scatchard plots of fluorescence intensity 
versus ANS concentration, the number of ANS bind- 
ing sites in these membranes can be estimated to be 
1 .l X lo-‘/mg membrane protein with an app. K, 
1.2 X lo-’ (J.R., A.G.L., D.C.W., unpublished obser- 
vations). Varying the percentage occupancy from 
30-95% produces no detectable changes in the rela- 
tive occupances of the two types of site. 
Having confirmed the assignment of the two 
components of the fluorescent decay curves for ANS 
binding to microsomes, it is now possible to use the 
fluorescent decay curves to study environmental 
effects of ANS binding. Figure 5 shows the effect of 
addition ofincreasing amounts of barbiturate. Clearly, 
1.0 r 
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Fig.5. Fluorescence decay curves for ANS (1.7 X 10 -’ M) 
bound to microsomai membranes (1 mg/ml) recorded at 
480 nm, in the presence of pentobarbitone: (a) excitation 
pulse; (b) without pentobarbitone; (c) with lo4 M pento- 
barbitone; (d) with 5 X 10d6 M pentobarbitone. 
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barbiturate causes an increase in fluorescence decay 
time for ANS bound to the membrane, attributable 
to an increased weighting for the longer-lived protein- 
bound component in the composite decay (table 1). 
Since steady state measurements how that addition 
of barbiturate leads to a decrease in fluorescence 
intensity, this means that barbiturate must preferen- 
tially displace ANS from its lipid binding site. 
In conclusion, the technique of nanosecond time- 
resolved fluorescence spectroscopy is able to resolve 
spectra for fluorescent molecules bound in lipid and 
protein environments in a membrane, whenever the 
fluorescence emission maxima and fluorescence life- 
times differ significantly in the two environments. 
Because of the high pulse rate of the mode-locked 
cavity-dumped argon-ion laser system used, such 
spectra can be obtained typically in 30 min. Time- 
resolved fluorescence spectroscopy also, of course, 
has potentially important applications in other areas 
of biochemistry. Thus, for example, in proteins con- 
taining two Trp residues in different environments, 
fluorescence spectra for these two residues will be 
resolvable; such studies are underway with bovine 
serum albumin. 
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